All materials were used as received, except where otherwise noted. The chemicals used were: sulfuric acid (H 2 SO 4 , J. T. Baker, ACS reagent, 95%-98%), concentrated hydrochloric acid (HCl, Sigma Aldrich, ACS Reagent 37%), hydrogen peroxide (H 2 O 2 , Macron Chemicals, ACS grade
30%), concentrated ammonium hydroxide (NH 4 OH, Sigma Aldrich, ACS reagent 28%-30%), Buffered HF Improved (Transene Company Inc.), potassium hydroxide pellets (KOH, Macron Chemicals, ACS 88%), potassium ferrocyanide trihydrate (K 4 Fe(CN) 6 · 3H 2 O, Acros, >99%), potassium ferricyanide (K 3 Fe(CN) 6 , Fisher Chemicals, certified ACS 99.4%), iron(II) sulfate heptahydrate (FeSO 4 · 7H 2 O, ReagentPlus eagentPluslusFeSO, certified AC 3 , Sigma Aldrich, reagent grade 97%), zinc powder (Zn, Sigma Aldrich, dust <10µm, ≥98%), and potassium chloride (KCl, Macron Chemicals, Granular ACS 99.6%). Water with a resistivity of 18.2
MΩ·cm was obtained from a Millipore deionized water system.
Preparation of Substrates and Fabrication of Emitter
An np + -Si sample coated by FTO glass, with the p + emitter layer fabricated using ion implantation, was obtained from the Joint Center for Artificial Photosynthesis at Lawrence
Berkeley National Laboratory. The detailed fabrication of the emitter onto a single-side polished
Czochralski-grown n-type (P-doped) prime-grade, (100)-oriented Si wafer has been described elsewhere. 1 The FTO glass was removed from these samples as described previously 2 . Briefly, the FTO-coated np + -Si was immersed in a mixture of 0.5 M HCl, 0.4 M FeSO 4 , and 0.1 M FeCl 3 and then the mixture was agitated while ~3.5 g Zn was slowly poured into the mixture. The solution turned clear after ~2 min and the samples were then removed and rinsed with deionized water. To remove any surface metal contaminants, the samples were immersed for ~30 s in an oxidizing solution that contained 1.0 M HCl and 0.5 M FeCl 3 , and the samples were then removed from the solution and rinsed. Samples were then further cleaned using an RCA clean, as described below. 
Deposition of NiO x and Ni Metal Coatings
Reactive RF sputtering was performed using an AJA high-vacuum magnetron sputtering system (AJA International Inc.) with a chamber having a maximum base pressure of 8×10 -8 Torr. The Ar/O 2 ratio was 20, while the Ar flow was held constant at 20 sccm and the working pressure was held at 5 mTorr. The substrates were held at 300 °C. The RF power on the Ni target (Kurt Lesker, 2" diameter × 0.125" thickness, 99.95%) was maintained at 150 W. The deposition rate was kept low, in the range of 0.42-0.62 Å/s, and therefore the deposition time was normally ~20-30 min, depending on the aging of the sputtering target. The same conditions were used to deposit metallic Ni, except that the stage was not heated and O 2 (g) was not supplied. The deposition times under these conditions were normally ~ 2-3 min, depending on the aging of the sputtering target.
Preparation of Electrodes
Ohmic contacts to the back sides of Si samples were formed by scribing an In-Ga eutectic alloy (Alfa Aesar, 99.99%) onto the unpolished surfaces. High-purity Ag paint (SPI supplies) was then used to mechanically attach the ohmic contact to a coiled, tin-plated Cu wire (McMaster-Carr) which was then threaded through a glass tube (Corning Incorporation, Pyrex tubing, 7740 glass).
The sample was then encapsulated and sealed to the glass tube using a mixture of 2:1 grey epoxy (Hysol 9460F) and white epoxy (Hysol 1C). The epoxy was typically allowed to set under ambient laboratory conditions for mechanically attach the ohmic contused. A high-resolution optical scanner (Epson Perfection V370 with a resolution of 2400 psi) was used to image the exposed surface area of each electrode, and the geometric areas were determined by analyzing the images using ImageJ software. All of the electrodes used in this study were ~ 0.1 cm 2 in area unless otherwise specified. 
Electrochemical Measurements

Electrochemical Impedance Spectroscopy and Mott-Schottky Analysis
Electrochemical impedance spectroscopy was used on n-Si|NiO x , n + -Si|NiO x , and p + -Si|NiO x to determine the barrier height of the n-Si|NiO x interface and the doping level of NiO x . The measurement was conducted in solution of 50 mM K 3 Fe(CN) 6 , 350 mM K 4 Fe(CN) 6 , and 1.0 M KCl in 200 mL of H 2 O. The reverse bias dependence of the area-normalized semiconductor depletion-region capacitance is given by the Mott-Schottky relation:
where A is the device area, N d is the donor impurity concentration in the semiconductor, 0 is the vacuum permittivity, and r is the relative permittivity, q is electron charge, b is the C-V barrier The doping level was calculated based on the equation:
2 )/dV app ) is the slope of the M-S plot. The solution was quiescent and was kept in the dark during the measurements. The electrochemical impedance data were fit to a model that consisted of a parallel resistor and a capacitor with a fixed constant-phase element at the Si|NiO x interface arranged electrically in series with another resistor and capacitor in parallel at the NiO x /electrolyte interface.
The dielectric constant of NiO x was determined from the measured refractive index using the equation:
where ε' is the real part of the complex dielectric constant and n is the refractive index and k is the extinction coefficient. The values of n and k were determined using spectroscopic ellipsometry (vide infra). versus time data from the potentiostat with the amount of oxygen generated versus time for a system operating at 100% faradaic efficiency, the charge passed (in mA·h) was multiplied by 3.6 to convert the data into coulombs, and the result was then multiplied by 83 (the factor for conversion of 1 C of electrons to 1 µg of O 2 ) to convert the value into micrograms of O 2 .
Measurements of the Faradaic Efficiency of Oxygen Evolution
Therefore, both the cumulative oxygen generated and charge passed during the measurement can be shown in one plot with two comparable y-axes, where 0.32 mA·h of charge passed corresponded to 100 µg O 2 generated.
Scanning-Electron Microscopy and Atomic-Force Microscopy
Scanning-electron microscopy (SEM) imaging was performed using a Nova NanoSEM 450 (FEI)
with an accelerating voltage of 5 kV. Atomic-force microscopy (AFM) images were collected using a Bruker Dimension Icon microscope operating in ScanAsyst mode and using Bruker 
UV-Visible Absorption Measurements
The optical absorption of the NiO x -or Ni metal-coated Si was determined by using an integrating sphere at normal incidence (Agilent Cary 5000 UV-Vis spectrometer). The absorption of NiO xcoated Si was determined by subtracting the measured reflection and transmission from unity.
The optical transmission of NiO x and ultrathin Ni metal on quartz substrates were also measured using the integrating sphere and were normalized against the transmission of bare quartz substrates. Tauc plot was generated by plotting hν versus (ahν) 2 , where α is the absorption coefficient determined based on the Beer-Lambert law. The band gap of the NiO x at the onset of significant absorption, as well as interband absorption, were determined by a linear extrapolation of the optical absorption edge to the y axis of the Tauc plot.
Spectroscopic Ellipsometry
The complex refractive index (n, k) data for the NiO x coatings were measured on p + -Si substrates with a thickness of 35~160 nm and were determined using spectroscopic ellipsometry by fitting the data according to a general oscillator model that assumed that an intermediate 2 nm native oxide (SiO 2 ) formed during sputtering. Moreover, a rough surface with a thickness of 5 nm was considered based on the AFM measurements of roughness, to include the air/NiO x mixture. The measurement was conducted using a J.A. Woolam V-VASE system. The n and k values were extracted from a normal fit, using a fixed film thickness based on the calibrated cross-sectional SEM measurement. The absorption coefficient can be also calculated using equation: α = 4πκ/λ.
κ is the extinction coefficient, which is the imaginary part of the complex refractive index obtained from fitting of the ellipsometric data. The position of the absorption peak in the visible region was consistent with the absorption features extracted from the Tauc plot using the UV-vis measurement.
X-ray diffraction spectroscopy
XRD analysis was conducted using Bruker D8 Discover system equipped with 2-dimentional Vantec-500 detector. Cu-Ka radiation (1.54 Å) was generated at a tube voltage of 1 kV and a tube current of 50 mA. The incident beam was focused using a mono-capillary collimator. A laser beam marks the focal spot on the specimen fixed on a xyz stage. The scattered diffraction was registered by a 2-dementional detector with an angular resolution of the detector smaller than 0.04 degree, and enables the simultaneous detection of the diffraction data in a 2theta range of 20 degree. The detected radiation was counted for 2000 sec to obtain an appropriate XRD profile.
Data were analyzed using Bruker EVA software.
Load-line analysis and definition of photovoltaic properties
The details of a load-line analysis can be found in references 3,4. Briefly, the photoelectrode performance is treated in a simplified equivalent circuit approach as a photovoltaic cell connected in series electrically with a dark electrolysis cell. The photovoltaic parameters including the opencircuit voltage (V oc ), the short-circuit current density (J sc ), the fill factor (FF) and the energyconversion efficiency (η) are then evaluated by subtracting the dark electrolysis J-E data obtained using a p + -Si|NiO x dark electrode from the J-E data exhibited by the illuminated photoelectrode under evaluation.
Estimation of the lower limit of total Turnover number, percentage of active Ni atoms, charge required for dissolving the entire Si photoelectrode, and branching ratio of water oxidation relative to Si oxidation
To estimate the lower limit on the turnover frequency per active site, a lattice constant of 0.4195 nm was used for a cubic NiO crystal with a NaCl structure. The unit cell contained 4 Ni atoms and the density of the Ni atoms in the NiO was calculated using the number of atoms divided by the cell volume, which is 5.42×10 22 cm -3 . The turnover frequency 5, 6 The percentage of active Ni atoms in the film based on the reductive peak area in the Ni redox peak region was calculated as follows:
where Q act is the charge density (based on the peak area) in mC cm -2 associated with the quantity of electroactive Ni atoms on the surface.
The total charge passed during the 1200 h of chronoamperometry was ~144000 C cm -2 . The charge needed to dissolve the Si photoelectrode was calculated by first calculating the atom density following the same approach used for calculating the density of Ni atoms in NiO. The Si diamond lattice constant of 0.543 nm was used with 8 Si atoms in each unit cell. The Si atom density was ~5×10 22 cm -3 . To break the Si-Si bond during etching in KOH involves 4 electrons.
Therefore, the total charge needed can be calculated by multiplying the atom density, surface area, the Si wafer thickness of 400 µm, and the elementary charge of 1.6×10 -19 coulombs:
To estimate the branching ratio of water oxidation relative to Si oxidation, it was assumed that 10 nm of uniform SiO 2 would fully passivate the Si surface. This was conservative because if thinner SiO 2 (3-4 nm) were fully passivating, then the branching ratio estimate would increase by a factor of 2-3. The total charge needed to form 10 nm of SiO 2 was then calculated by multiplying the Si atom density, thickness of the oxide, expansion coefficient assuming that the volume expansion occurred in one direction normal to the surface (1/2.2), and the elementary charge.
The branching ratio was then given by Q ox /Q total . Figure S1 . Tafel plots for the oxygen-evolution reaction at p + -Si|NiO x electrodes in 1.0 M KOH(aq) before (black line) and after (red) ten cyclic voltammetric scans. H2O/O2 ) m and J m defines the maximum power point relative to the Nernst potential for water oxidation, data point were extracted from the cited original work. Light intensities are 100 mW cm -2 , unless specified. "-" indicates that the figure-of-merit cannot be calculated due to the different light source used.
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